Relationships between optical and microphysical properties in subadiabatic boundary layer clouds
S1
Relationships between optical and microphysical properties in subadiabatic boundary layer clouds
S1.1 Linking cloud microphysical and optical properties
Here we present several key relationships summarised by Grosvenor et al. (2018) , which resulted in relationships between 15 cloud optical depth , effective radius re, liquid water path LWP and geometric thickness H for subadiabatic clouds.
The extinction coefficient for a collection of droplets is:
Where Qext is the extinction efficiency, the ratio of extinction and geometric cross section for a given droplet. Given that for cloud droplets in the A-band, ≫ , we take the approximation = 2, which is the asymptotic limit from Mie theory for 20 large size parameters.
Next we require the droplet effective radius, which is the ratio of the third to the second moments of the droplet size distribution:
And the relation of liquid water content to the droplet volume: 25
Combining Eqs. (S1)-(S3) results in:
We then introduce the ratio of the effective and volumetric mean droplet radii as:
For the commonly used gamma distribution of drop sizes, this is related to the width of the distribution. We assume that this is constant with height, and its value tends to be near 0.8 in marine clouds. The liquid water content is also related to the volumetric mean radius via: (S7)
S1.2 Comparing subadiabatic and homogeneous clouds
In the adiabatic cloud model we have:
And therefore, taking geometric thickness H as ztop-zbase: 10 (S10)
The homogeneous cloud optical depth differs from the subadiabatic cloud in that optical depth scales with H instead of H
5/3
, and otherwise differs by a ratio of 5A 2/3 /3. We can compare their optical properties by consider the effect on optical depth of 15 the difference in structure for an equal LWP. In this case, to conserve mass:
And Eq. (S10) becomes: Note that while Nd is constant within each cloud, it is not necessarily the same in the homogeneous case as it is in the subadiabatic case.
Referring back to Equations (S3) and (S5) and Nd constant with height:
With the subadiabatic L(z) this can be rearranged to determine that , 1 3 is: 
When substituting Eqs. (S18) and (S19) into (S16), the first terms in the brackets cancel and we obtain: 10 
Therefore a homogeneous cloud has the same optical depth as a subadiabatic cloud of the same H and LWP provided that:
Or alternatively:
) ≅ , (0.58 ) (S22) 15
S1.3 Calculating prior cloud thickness
The subadiabatic and homogeneous clouds are expected to have the same optical depth for a fixed H and LWP given that an appropriate re is used. The next question is how to calculate an appropriate prior cloud pressure thickness. As part of the OCO2CLD-LIDAR-AUX retrieval, we make a prior estimate of the cloud optical depth based on a lookup table using the continuum A-band radiances. And the retrieval assumed re = 12 μm. Therefore we express LWP as LWP( ,re) and relate this 20 to H using Eq. (S8). Firstly, we combine Eq. (S8) and (S17) and evaluate them at cloud top:
Integrating Eq. (S8) and inserting for H using (S24): This contrasts with a homogeneous cloud whose profile is:
For constant H and , example extinction profiles are displayed in Figure S1 . It is clear that the cloud extinction in the subadiabatic model is weighted more heavily towards cloud top. 
